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060cH08AHA B03MOMHOCMb NPUMEHEHUST OMKPbIMbIX OQHHbLIX 0 2UOPOXUMUYECKUX NOKA3AMENsxX Co CNYyMmMHUKO-
8bIX cUCMeM. YcmaHos/ieH Ce30HHbIU NUK 38mpogukayuu akeamopuli bapeHyesa Mops U 8biSIB/IEHA CUMbHAS KO-
pensayus yposHs mpogHocmu ¢ KoHueHmpauued xaopo@uana a, 0bue2o ¢gochopa u MUuHepanbHsix Gopm azomad.
[Noka3zaHsl 02paHuUYeHHas NPUMeHUMOCMb UHOEKCa mpogu4ecko20 yposHs TLI dns apkmuyeckux 800 U 8bICOKAS
€02/10C08aHHOCMb UHOEKC08 mpoguyecko2o cocmosiHus TSI u mpogpHocmu E-TRIX, ymo co30aem Hay4Hyt OCHO-
8y 0719 UX KOMNJIEKCHO20 NPUMEHEHUS 8 Ue/siX 3K002U4ecKU ycmolidugozo pazsumusi cadkogoli akaakynbmypel.
lNonyyeHHble pe3ynbmamsi 8axHel 0715 paspabomku cucCmeMsl MOHUMOPUH2A U NpUupo000XPaHHbIX Meponpus-

mutii 8 apKmu4eckom pe2uoHe.

KntoueBble cnoBa: aksakyibmypHas 0esmensHoCmMs, ADKMUKGA, apKmuyeckue 3kocucmemsl, bapeHueso mope, buono2uqeckas
npooyKmusHoCMe, OUCMAHUUOHHOE 30HOUPOBAHUE, USMEHeHUe KaumMama, UHOekc mpogHOCmu, Koppensayus.

BBepgeHue

AKBaRyNbTYpHAA M MapUKyNbTypHaA AeATe/bHOCTb
CnocobcTBYET 06eCneyeHno NPOA0BOSIbCTBEHHONM 6e3-
OMACHOCTU U CTUMYJIMPOBAaHMIO SKOHOMUYECKOro pocTa
B COBPEMEHHOM MUpE, OQHOBPEMEHHO BbICTYMAsA BarK-
HbIM MEXaHW3MOM COXPaHEHWSA 1 peabunnTaLmm BOAHbIX
3KOCUCTEM. B 4aCTHOCTU, UCKYCCTBEHHOE pa3BefeHue
pbIObl U MOJITIIOCKOB CHUMKAET Harpy3Ky Ha npupoaHble
nonynAuuM, MUHUMU3MPYSA PUCKU UX Ype3MEepHOW IKC-
nayataumm B MOpCKUX ycnoBusax. OQHAKO MHTeHCMdu-
KaUMA aKBaKy/bTYpHOrO MPOM3BOACTBA COMPAXKEHA
C HEraTMBHBIMU 3KOSTOMMYECKUMU 3P deKTaMK, BROYAA
ycuneHHoe 3BTpodUpoBaHne BOAHBIX 06 BEKTOB.

JBTpOdMKALMA YrpoMKaeT YCTOMYMBOCTU  MHOMUX
BOAHbIX 00 bEKTOB. TeHAeHUMA «LBeTeHuA» Bog bonee
BblparKeHa B MOCNefHue LecATUNeTUA MoA BAVAHWMEM
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yBeIMYeHNA aHTPOMOreHHOro MOCTYM/IeHNA Takux Be-
LWeCTB, KAK aMMOHWIA, HATPaTbI, opraHnyeckne GopMmbl
asoTa u opraHodpocdatbl [1]. OgHUM U3 pUCKOB 3TOro
ABNIeHUA, 0OYyC/IOBNIEHHOIO aKBaKY/bTYPOW, ABAAETCA
13bbITOYHOE BHeceHWe KopMa. [locTynneHne 6onbluo-
r0 KofM4yecTBa OMOreHHbIX 3/1IEMEHTOB U JIEFKOOKMC-
JIAEMOW OPraHUKM MOXeT MNPUBECTU K pa3pacTaHuio
BOAHbIX pacTeHUd M BOAOPOC/EN, YTO crocobcTyeT
YXYALEHWI0 KayecTBa BOAbl U HapylieHuo 6anaHca
3KkocucTembl [2]. IMeHHO no3ToMy Mpv BedeHuM aKBa-
Ky/IbTYPHOrO X03AWCTBA HE06X0AMMO MOAAepHMBaTh
onTvMasbHble NapaMeTpbl BOAHONM Cpefbl, a TakMkKe Be-
CTW MOCTOAHHbBIA MOHUTOPUHI B LieNIAX NpeaoTBpalle-
HUA HEOBPATUMBIX HEFraTUBHbIX NMOCEACTBUNA.
MHdopmauma o Tpodunyeckom ctatyce BoAHOMO 06b-
eKTa JaeT npefcTaB/ieHne 0 COBPEMEHHOW CTPYKType
N OYHKUMOHUPOBaHWUN 3KocucTeMbl [3]. TpaauumoHHo
KayecTBO BOAbl OMNpefenAeTcA C MOMOLLbIO MOJEBbIX
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M3MepeHuin M nabopatopHoro aHanmMsa. Tawol noa-
Xof Hambosee TOYEH, 0AHaKo TpebyeT onpefeneHHoro
KO/IMYecTBa BpeMeHW M PUHAHCOBLIX 3aTpaT. AnbTep-
HaTWBHbIN MeToh — [AWCTaHLUMOHHOE 30HAMPOBaHWe
C MPUMeHeHWeM CryTHUKOB. TexHOoNorMn AncTaHuu-
OHHOIO 30HAMPOBAaHUA 06/1afAlT TAKUMU MpenMmyLle-
CTBaMW, KaKk BbICOKasA TOYHOCTb M 6OMbLION AManasoH
BPEMEHM, YTO HALLJIO LUMPOKOE NPUMEHEHUe Npu MOHU-
TOPUHIe KOHUEeHTpauuu xnopoduina a n XMMUYecKux
napameTpoB Bofpl, & MMeHHO obliero docdopa, aso-
Ta n ap. [4]. icnonb3oBaHWe AaHHbIX O KOMMOHEHTax
TpodUYeCcKoro coCToAHWA BOAOEMOB oObecrneynBaeT
OLLeHKY WX KayecTBa Yepe3 MpMMeHeHWe WHOEeKCOB
TPODHOCTH, YTO CO3AAET HAy4HYI OCHOBY ANIA Mna-
HWPOBAHWA MPUPOAOOXPAHHBIX MEepONpUATUIA B LIeNIAX
obecneyeHns YCTOWYMBOTrO Pa3BUTUA aKBaKy/IbTYPHOIO
Npou3BOoACTBa.

Ocobyto aKkTyanbHOCTb MpuobpeTaeT uccnefoBaHWe
TpodunyecKkoro craTyca apKTUHECKUX MOPCHKUX BOA.
JTOT PernoH WMeeT 3HAUMTESIbHYI 3KOHOMUYECKYIo
LEHHOCTb B CBA3M C MHTEHCMBHOW 3KcrayaTauuen pbi-
60MpPOMBIC/IOBBIX PECYPCOB, OKa3bIBAOLLEN CYLLECTBEH-
Hoe BANAHWE Ha r'MAPOXMMMUYECKMe NOKa3aTen BOAHON
cpedbl [5]. Mpu 3ToM apKkTUyecKan sKkocMcTemMa eMOoH-
CTpUpYeT MOBbILEHHYI0 YyBCTBUTEIbHOCTb K TEKYLLMM
KMMMaTUYECKUM U3MEHEHWAM, YTO YCUIMBAET HeobXxo-
OMMOCTb ee KOMIMIEKCHOro MoHuTopuHra. CywecTByeT
MHOMO aCreKToB rNMobanbHOro NoTenieHns B ApKTHKe,
KOTOpble TaK WAM MHAa4e OKa3blBalT 3HAYUTENbHOE
BAUAHWE Ha TpoduyecKoe COCTOAHME BOL: POCT TeM-
nepaTtypbl MPVYBOAWUT K WU3MEHEHUIO TMAPOSIOMNYECKNX
YCNOBUIA M yBEIMYEHNIO CTOKA NPEeCcHON BOAbl B MOPA,
4YTO MOMKET CrnocobCTBOBaTb HAKOMIEHUIO NUTaTeNb-
HbIX BELLLECTB, @ BbIOPOCHI YI/IEKMC/ION0 ra3a Bbi3biBAOT
MOAKMUC/IEHNe BOAbl, YTO TaKMHe OKa3blBaeT HeraTus-
HbI 3P GEKT KaK Ha XMMUYECKUIA COCTaB BOfbl, TaK U Ha
obuTtatenei Mopckoi dayHbl [6; 7]. Takum obpasom,
CMYTHWKOBBIA MOHUTOPUHI TPOPUUECKOro cTaTyca apK-
TUYECKMX MOpen npencTaBnAeT co6oi 3¢ EKTUBHbIN
WHCTPYMEHT MCCNefoBaHWA, CoveTalowmii onepaTus-
HOCTb MOJIy4eHUA AaHHbIX C BO3MOMKHOCTbIO MacLUTab-
HOTO aHasnM3a akBaTopuii B YCIOBUAX M106aNbHBIX K-
MaTU4eCKmx TpaHchopMaLmii.

OpHvMm 13 cybberkToB Defepaumy, nobeperbe Ko-
TOpPbIX OMbIBAETCA APKTUYECKUMU BOLAMM W XapakK-
TepusyeTCA HaNMyMeM aKTUBHOW  aKBaKy/IbTYpPHOW
fneATenbHOCTH, ABNAeTCcA MypMaHckasa obnactb. Pac-
CMOTPUM  PYHKLMOHMpYIOLLME CaKOBble KOMMEKCh,
pacnonoeHHble B Bogax bapeHuesa mopsa u cneuu-
anu3vpyloLmeca Ha BblpallyBaHUM apKTUyecKon ¢ope-
NN U aTNaHTUYecKoro nococA: BocTouHbIN pykas y6bl
Vpa («lLlanum» n «YepBaHoe o3epko»), TutoBka, Knucny-
xa. Bblbop y4acTkoB 06yc/ioBfeH nx reorpaduyeckum
nosioXeHneM, penbedoM AHA W TeYeHUAMU. TakuMm
06pa3oM, 0CHOBHaA Lefib HacToAllel paboTbl — KOM-
NNeKCHaA OLLeHKa 3KONIOrMYEeCKOro COCTOAHNA aKBaTo-
puii cagKkoBbIX X03ANCTB bapeHueBa MoOpA Ha OCHOBe
aHanu3a TpoPUUECKUX MHOEKCOB C NMPUMEHEHNEM Tex-
HOMOMNIA CMYTHMKOBOFO MOHUTOPUHIA U onpedesneHve

BO3MOMHOCTM WX COBMECTHOrO WCMOMb30BaHWA [A1A
nosyyYeHns 6osee TOYHbIX Pe3ynbTaToB M pa3paboTku
MEpONpUATUIA MO OXpaHe BOAHbIX 3KOCUCTeM. bBbinn
pelleHbl cnepyolme 3afjayv: Bo-NepBblx, Mopdono-
rMyeckn u reorpaduyeckn oxapakTepusoBaH Kaxabli
M3 y4aCTKOB, BO-BTOPbIX, OMMWCaHbl MeTOAbl AMCTaH-
LMOHHOr0 30HAMPOBAaHMA U pacyeTa TPOOUYECKUX WH-
[IeKCOB, B-TPeTbMX, BbINO/HEHbI pacyeTbl U CAenaHbl
COOTBETCTBYIOLLIME BbIBOAbl, @ TaKMe MNpeasoHeHbl
HeobxoyMble MEpONpUATUA MO MOLAEPHAHUIO COCTO-
AHWA BOOHbIX 3KOCUCTEM B YC/IOBUAX IKCNyaTaumm aK-
BaKy/IbTYPHOr0 X03ANCTBA.

O6nacTb uccnenoBaHUM

l'y6a Ypa npeactaBnseT coboii 0AMH M3 3a/MBOB HA
ceBepHoM nobepexbe Konbckoro nosyoctposa bapeH-
LeBa MopA. To ofHa M3 CaMblX KpyMHbIX ry6 AAHHOMO
pavioHa. OHa XxapaKTepusyeTcA 06LWMM CeBepo-BOC-
TOYHbIM TMPOCTMPAHUEM, KpyTbiMM, 06PBLIBUCTHIMU Ge-
peramu, abcosoTHble BbICOKME OTMETKM KOTOpbIX [O-
cturatot 200 M. lMNpupoaa cylecTBoBaHWA 3TOW 30HbI
CKMaApIBaeTCA M3 [BYX OCHOBHbIX GAKTOPOB: LMPKYNA-
UMM Boa M ocobeHHocTel AoHHOW Tororpadumn. dakr-
TOpbl Manoli rnybrHbl Ha BXofe W BbIXO4e M3 pyKasa
(okono 20 M) v nporn6 aHa go 120 M B LeHTpasibHOM
Yyactn GOpPMUPYIOT YHUKAJbHBbIE 0COOEHHOCTU LMPKY-
nAauMn 1 TpaHchopmaumm Boa. Penbed AHa, nMetoLLmnia
cepnosuaHyto GopMy, Co3aaeT YCI0BUA, NPU KOTOPbIX
noctynatoowye Bodbl B BoCTouHbI pyKaB Haph Brnagwu-
HOWM B LIEHTPaJIbHOM ero 4acTu BOBJIEKAKTCA B BUXpe-
BOE LMKIOHUYECKOE ABUMKEHWE, NMPU KOTOPOM MpoUC-
XOAUT NOABbEM AOHHbIX BOAHbIX Macc [2].

ly6a TuToBKA HaxoauTtca Ha MypMmaHcKoM bGepery
BapeHLeBa MopA 1 BoaeTcA B ceBepo-3anafHyto 4acTb
6epera MoToBckoro 3anuBa. OTKpbITa K ceBepy, BAa-
eTCA B MaTepuK Ha 6 KM, UMeeT WMpUHY y Bxoaa 2,8 KM,
cpepHAs rnybuHa — 82 M. B ryby BnapatoT peka Tu-
TOBKa U HECKOJIbKO pyybeB. I NybrHa 3aimBa nocTeneH-
HO YMeHbLLUAETCA K BepLUMHe rybbl, KOTOpasa ocCbixaeTt
B OT/IMB Ha 2 KM B AJIMHy [8].

lyba Kucnyxa pacnonaraeTcA HenopaneKky oT ryobl
TuToBKa M Kak 3anmB bapeHueBa mMopA noaBepreHa
BO3AENCTBUIO MPWIMBOB W OT/IMBOB, YTO OKa3blBaeT
BAMAHME HA TMOPOJSIOTMYECKUA persuM 3Toi obnactu.
3oHa BAaeTcA B MaTepuK Ha 2 KM, UMeeT LUMpUHY
y Bxoga 0,7 KM, cpefHAsA rnybuHa — 70 M.

CafaKoBbIli KOMMeKC 1 HaxoaMTcA Ha pblboBOAHOM
yyacTke BocTouHblli pykaB rybbl Ypa («anumy), ba-
peHueBo Mope, nnowaasto 40 ra. CaakoBblA KOM-
NneKc 2 HaXOANUTCA Ha y4acTKe BOCTOUHbIN pyKaB rybbi
Ypa («HepBsaHOoe 03epro»), bapeHueBo Mope, nnolla-
abto 185 ra. CagKoBbl KOMMIEKC 3 HaxoAguTCcA Ha
pbiboBOAHOM y4yacTKke ryba TutoBka MoToBCKOro 3a-
nvmBa, bapeHueBo mope, nnowaabto 270 ra. CagKkoBbi
KOMMJIEKC 4 HaXoAMTCA HA pPbIbOBOAHOM y4yacTKe ryba
Kucnyxa, bapeHueso Mope, nnowanbto 118 ra (puc. 1).

panuubl yyacTkoB (cuctema Nakarte.me (https://
nakarte.me/#m=8/49.73868/33.45886&I=0) Koopau-
HaT WGS-84) onpepeneHbl KoopauHaTamu, npeacTas-
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Puc 1. Ca.qKosble KOMMAEKCbl: A — BOCTOYHbII pyKaB ry6bl Ypa «Hepasmoe o3epko», b — BOCTOUHbBIN pykaB ry6bl Ypa «I.IJanuM»
B — ry6a TutoBka, I — ry6a Kucnyxa. CoctaBneHo aBTopamu Ha KapTorpadmueckoii ocHoBe Nakarte.me (https://nakarte.
me/#m=8/49.73868/33.45886 &=0)

Fig. 1. Location of cage complexes: A — eastern arm of the Ura Bay “Worm Lake”, b — eastern arm of the Ura Bay “Shalim”,
B — the Titovka Bay, I — the Kislukha Bay. Compiled by the authors on a cartographic basis Nakarte.me (https://nakarte.

me/#m=8/49.73868/33.45886 &1=0)

JIEHHbIMW Ha pucC. 1. Onucanne rpaHny, — nocneno-
BaTe/ibHOe coedunHeHWe ToYeK MpAMbIMU JIMHNAMU MO
aKkBaTopun BOOHOIo obbeKTa.

Martepuanbl U MeToAbI UCC/Ie[OBaHNMA
JlucmaruyuoHHas oueHKa mpoguyecKozo
COCMOsIHUA UccaedyeMbix meppumopuli

[OuncTaHUMOHHAA OLeHKa TPodUUECKOro COCTOSHMSA
BOJHbIX OOBEKTOB M03BOMAET 3PPEKTUBHO OTMevaTb
M3MEHEHWA B 3KOCMCTEMaX BOAOEMOB, BbIABMATL 3a-
rPA3HEHUA W OLEeHMBaTb COCTOAHME OUONIOrUYECKUX
BewecTB. CylecTByeT MHOMO CrNyTHUKOBbLIX CUCTEM
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LA OTCNEeKMBAHUA OCHOBHbBIX OWOXMMWUYECKUX KOM-
MOHEHTOB, XapaKTEPU3YIOLIMX KayecTBO aKBaTOPUIA:
GOCI (Geostationary Ocean Color Imager), Sentinel-2,
Landsat, MODIS (Moderate Resolution Imaging
Spectroradiometer) n ap. B pamrax HacTtoswero wuc-
cnefoBaHusa bbina npuHATa cuctema MODIS, nockosnb-
Ky OHa npefocTaBAAeT OTKPbIThI AOCTYN K CNyTHUKO-
BbIM [aHHbIM, YTO ObecrneyMBaeT MeTOL0SI0MMYECKYIO
N 3KOHOMUYECKYI0 3PERTUBHOCTb aHaIM3a.

MODIS CNexkTpopagnoMeTp C BuU3yanu3aumen
cpenHero paspelleHua. ITO OCHOBHOW npubop Ha
6opTy cnyTHUMKoB Aqua (EOS PM) n Terra (EQS AM).

ApKTUKa: 3KONOrMA U JKOHOMMUKA, T. 16, N2 1, 2026
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CnyTHMK Aqua uMeeT opbuTy C tora Ha ceBep 4Yepes
3KBaTop AHeM. [laHHbIM CNyTHUMK NpoCcMaTpMBaeT BCHO
NMOBEPXHOCTb 3eM/N Kaskable ABa [HA, OAHHble COo-
6upatoTcsa B 36 cnekTpasbHbiX AnanasoHax. Cuctema
MODIS wumMeeT 60sbluoe 3HavyeHWe OA MOHWMaHUA
rno6asbHbIX MPOLLeCCOB, NMPOUCXOAALWMX Ha Bceli no-
BEPXHOCTW MNAHETbl, a TaK¥Ke B OKeaHax U HUMHUX
cnosax atMocoepbl.

Haunbonee 4acto Mcnonb3yemMbiMU MeTOAaMU OLLEH-
KN TPOPUUYECKOr0 COCTOAHMA NOBEPXHOCTHBIX BOJA fAB-
NATCA MHAEKC TpodUYeCcKoro coctoanmA TSI, nHaeKc
Tpoduyeckoro yposHA TLI u nHAeKc 3BTpoduKauum
E-TRIX. Nx cxopocTBO 3aKntovaeTcAa B nepesoge 6umo-
NOrnYecKnx, GU3NYECKMX U XUMUYECKUX NapaMeTpoB
BOAbl B HEMpepbiBHYIO BeMYMHY, NPUIrOAHY0 AfA
OUeHKN Tpoduyeckoro cocToAHuA Bogoema. [nAa
6onee 3bbEKTUBHOIO M3yyeHUs Tpoduyeckoro co-
CTOAHWA BOLOEMOB MepeyvnciieHHble UHAOEKChbl 6blin
paccynTaHbl Npy NOMOLLM MPOrPAMMHOI0 KOMMIeKca
«KanbKynaTop TpodHOCTU», pa3paboTaHHOro aBToOpa-
MU cTatbu [9].

OueHKa buozeHH020 cocmosiHUsSI B00H020 0bbekma
Ha ocHoge mModesiu QUCMAHYUOHHO20 30HOUPOBAHUS
3emnu ¢ uHOeKcom mpoguueckozo cocmosaHus TSI

NHpekc Tpoduyeckoro coctoaHnA TSI, paspaboTaH-
Hbln KapncoHoMm (1977 r.) n mognduumpoBaHHbii To-
nepo (1983 r.) [10], paccumTbiBaeTCA MO CNEAyHOLIMM
rMOPO3KOMONMYECKUM  MOKa3aTeNAM: KOHLLeHTpauma
B Bofe xnopodunna a Chl a, obwumin pocdop TP 1 npo-
3payHocTb BoAbl No ancky Cerkn SD. KapncoH npeaso-
Hun GopMybl pacdeTa MHOEKCA MO KarKgoMy M3 3TUX
nokasartesien, n Kaxabli BApUaHT pacyeTa nHaeKca ca-
MOCTOATEJIEH U CIIYHKUT YNCSIEHHOW MEpON BbiparkeHuA
Tpoduyeckoro cratyca BogHoro obbekta [11]. PaKTu-
Yyecku 310 GopMy/sibl, ONMCkIBatOLWMe forapudmMmyecKkmne
KpVBble U3MeHeHWA nHaeKca [12]:

TSI, =—14,388In(SD)+ 59,909,

rae TSI, — WHAEKC TPOPHOCTU, paccuuTaHHbIi Mo
3HayeHuAM SD, Mm;

TSI, =14,4271n(TP)+4,1504,

rae TSI, — VHAEKC TPOGHOCTM, PACCUMTAHHBIA Mo
conepranuio TP, mr/m3;

TSI, =9,7552In(Chl a)+30,913,

rae TSI, — WHAEKC TPODHOCTW, PACCUUTAHHBIA MO
conepanuto Chl a, Mr/m>,

B KayecTBe WMHTErpuMpoBaHHOIO 3HauyeHua GepeTcs
cpeaHee M3 Tpex pacCcuMTaHHbIX MHAEKCOB TPOdHOCTH
no ¢opmyne

Sl + TSI + TSI, ,

3

3HaveHna TSI MO¥HO pa3genntb Ha 4eTbipe
ypoBHA: onmrotpodHbin (TSI < 30), Me30TpodHbIN
(40 < TSI < 50), 3BTpodHbIA (60 < TSI < 70) u runepas-
TpodHbIli (TSI = 80).

TSI = T

OueHKa buozeHH020 cocmosiHUS B00H020 0b6bekma
Ha ocHose Modesiu OUCMAHYUOHHO20 30HOUPOBAHUS
3emnu ¢ uHdeKcom mpoguuecKozo yposHs TLI

NHpekc Tpoduyeckoro yposHa TLI ABnsetca ewwe
OJHWM MoKa3arteneM Kavectsa BoApl. [1nA ero pacue-
Ta 006beMHAITCA YeTblpe NapameTpa: KOHLeHTpaums
xnopodunna a Chl a, conepxanue obuiero pocdopa TP,
obulero azota TN v npo3payHocTb Mo AncKy Cekkm SD.
B oTnuumne ot nHaekca KapncoHa TSI gaHHbI MHOEKC
He ABNAETCA eAMHOW MeTOAMKON onpeneneHna Tpodu-
YeCKoro CcoCToAHNA BoJOEMOB. B HacToALee BpemA cy-
LeCTBYIOT YpaBHeHUA MHAEKCA TPOPUUYECKOro YpoBHA
onAa akesatopuii Hoson 3enanammn u Kutaa. B gaHHow
paboTe 6bin NpYMEHEH MepBbIi BApUaHT, 0IHAKO Helb-
3A yTBepAaTb, YTO MOJIyYeHHble JaHHble ByayT afek-
BaTHO oTparkaTb M3MeHeHuAa B CesepHom JlegoBuToM
OKeaHe, NMO3TOMYy MCCNefoBaHWe MO CPaBHEHWUIO ypaB-
HEHWIA 1 noacyeTy TPODHOCTU ANIA BOLHBIX 06BEKTOB
CeBepHoro JlenoBMTOro oKkeaHa npuobpeTaeT 0cobyto
Ba*KHOCTb.

®dopmynbl AnA pacyeTta uHagekca TpodHocty [13]:

[557%)
TLI, =5,10+2,27log| ——— |,
SD 40

roe TLISD — WHAEKC TPOPHOCTH, PACCHUTAHHBIN MO
3Ha4veHnAaM SD, M;

TLI,, =0,218+2,92log(TP),

roe TLITP — WHAEKC TPOPHOCTH, PACCHUTAHHBIA MO
cogepanuio TP mr/m3;

TLI,, =-3,61+3,01log(TN),

roe TLITN — MHAEKC TPODHOCTH, paCcCUYUTAHHBIN MO
cogepannio TN mr/m3

TLI,, =2,22+2,54log(Chl a),

roe TLICh]a — WHAEKC TPODHOCTH, pACCHUTAHHBIA MO
cofepannio Chl a, Mr/m3,

B KayecTBe MHTErpupoBaHHOMO 3HaueHuA bepeTcs
cpefHee U3 YeTblpex pacCUMTaHHbIX MHAEKCOB Tpod-
HOCTM No dopmyne

TLI, +TLIL,, + TLL, +TLI,,,

4

3HayeHusa TLI MoXKHO pa3gennTb Ha NATb YPOBHeW:
MUKpOTPOGHbIN (TLI < 2), onuroTpodHbin (2 < TLI < 3),
Me30TpodHbIn (3 < TLI < 4), 3BTpodHbIN (4 < TLI < 5)
1 cynepasTpodHelii (TLI = 5).

TLI =

OueHKa bu02eHH020 COCMOSAHUSA 03epa Ha
0cHose Modesiu JUCMAHYUOHHO20 30HOUPOBAHUSA
3emsu ¢ uHOeKcom 3smpogurayuu E-TRIX

NHpekc aBTpodmraummn E-TRIX aAnAetcA yHKUmel
cofepHaHnA pacTBOPEHHOrO KWUCI0POA4a W KOHLEeH-
Tpaumu obwero docdopa, MMHepanbHbIx GopM asoTa
n xnopodunna a [14]. Ana nHperca TpodHOCTU 0CO-
6EeHHO Ba*KHO W3MeEpeHWe KOHLeHTpauun xnopodus-
na a B Bofe. Xnopodunn a — NUrMeHT, coaepHHaliminca
B pacTeHMAX WM BOJOPOC/AX, KOTOPbIA WUCMOMb3yeTcA
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anAa ¢oTocnHTe3a. BbiCOKMe 3HAYeHMA KOHLeHTpaLuum
[IaHHOTO BELLeCTBa YKa3blBaloT HA Hannuue 60MbLIOro
KonmyecTBa GUTOMNNAHKTOHA M BOJOPOC/EN, YTO ABMA-
€TCA NPU3HaKOM 3BTpodUKaLMK.

CornacHo [15] nHaekc 3sTpodukauum E-TRIX onpe-
nenaeTcA no popmyne

E—TRIX = (Ig[Chl a'D%O TN TP]+1,5)/1,2,

roe Chl ¢ — KoHueHTpauma xnopodunna a, Mmr/m
D%O0O — 0TKNOHeHWe B abCOMOTHBIX 3HAYEHUAX cofep-
aHuA pacTBopeHHoro Kucnopoga ot 100%-Horo Ha-
colweHns; TN — KOHLeHTpaumsa pacTBOpPeHHbIX popM
MVHepanbHOro asota, Mr/m% TP — KoHueHTpauuA
obuiero docdopa, Mr/m>.

3Ha4veHua nHaekca E-TRIX mu3mensoTca ot O go 10.
B 3aBucmumocTtun ot BenmumHbl E-TRIX Boabl nogpasge-
NAOTCA Ha YeTblpe TPOPUUECKMX YPOBHA: HU3KUIA (< 4),
cpefHuin (4—5), BbicokuiA (5—6) M O4YeHb BbICOKUIA
(6—10) [15].

[aHHble obuero docdopa, MuHepanbHbix GopM
asota v xnopodwunna a AnNA pacyeToB MPUHATHI U3
OTKpLITON CNyTHUKOBOW cucTeMbl Giovanni (gaHHble
SeaWIFS — OBPG SeaWiFS Monthly Global 9-km
Products), nonyyeHbl npyu nomowy cnytHMKa MODIS-
Aqua [16], opreHTMPOBOYHbIE 3HAYEHMA NPO3PaYHOCTH

Bodbl no aucky Cekku B3ATbl U3 [17], a copgeprraHue
Kucnopoda m3 nnatdopmbl HabnogeHuii Bcepoccuii-
CKOr0 Hay4HO-MUCCNea0BaTEIbCKOMO UHCTUTYTA MMApO-
MeTeopoNIornyeckol nHpopmaumm .

Pe3ynbmambi uccnedosaHuil u obcyKdeHue

MOHWUTOPMHI OCHOBHbIX MapaMeTpoB AJfiA  pacye-
Ta MHOEKCOB TPOGHOCTM 6bln MpoBefleH B Npedenax
niowanen polboBOAHbIX YHACTKOB, 0603HAYEHHbIX Ha
puc. 1. KoopanHaTbl ccnedyeMblx TOYEK, a TakMke rva-
POXMMUYECKMe NoKa3aTesnin NpeacTaBeHsl B Tabn. 1.

BecHa u oceHb — nepuoabl Haubosblueid aKTuB-
HOCTM pbi6 U ApYruX MBOTHBIX, @ TaK¥e mnpupocTta
BOAHbIX pacTeHWid. B 3T ce30HbI NuTaTeNbHble Belle-
CTBa, TaKkMe Kak asoT u docdop, noctynaoT B BOAY
B GONbLUMX KONIMYECTBAX, YTO MOMET MPUBECTU K po-
CTY BOAOPOC/IEN U YCUNIEHUIO NMUTaHWA pblb. Tak, npu
NMOCTOAHHOM OCBeLleHUN (NOoNAPHbIA eHb) CKOPOCTb
pocTa BOAHbIX pACcTeHUIA BbllLe, YeM Npu poToneproae
12/12 (cBeT/TeMHoTa). TeM He MeHee B eCTeCTBEHHbIX
YC/I0BUAX MPY MNOCTOAHHOM OCBELLEHUN U YBEIMHEHUN
TemnepaTtypbl BoAbl POCT BOAOPOCTEN 3ameanAeTcs,
YTO ABNAETCA MPOABMEHWEM SHAOFEHHbIX PUTMOB Ce-
30HHOro passutua [18]. B cBA3M ¢ 3TUM npu nccneno-
BaHUM y4UTbLIBAIM MepuoAbl anpesb-mMan U CeHTAbPb,
HosA6pb 2023 T.

Ta6nuu.a 1. OcHOBHble rmgpoxuMnyecKkue noxKasaresiu uccjiiegyemMbix TeppuTopuﬁ. CocTaBneHo aBTopaMu

Table 1. Main hydrochemical indices of the studied areas. Compiled by the authors

Mecsay, Chl a TP TN D%0 SD
BocmouHbili pykas 2ybbl Ypa «LLlanum», nepsas mouka (69° 23 11" N, 33° 03”42 E)
; E Anpenb 0214 1,962 0,183 105,000 18,000
E E Mai 0,991 5,606 0,859 81,300 17,100
E &' CeHTAbpb 4,729 16,346 4,159 47,550 15,000
i‘-‘ E Honbpb 0,757 4,661 0,654 25,500 16,600
E g BocmouHbili pykas 2ybbl Ypa «LLanumy», 8mopas moura (69° 2323“ N, 33° 04 35" E)
£ g Anpenb 0,595 3,952 0,514 83,200 17,100
Man 1,703 8,119 1,484 69,100 16,500
CeHTA6pb 7,421 22,257 6,552 38,400 14,800
Honbpb 0,803 4,853 0,695 21,200 15,300
BocmouHbili pykas 2ybbl Ypa «LLlanum», mpembs mouka (69° 2325 N, 33° 05’ 20” E)
Anpenb 0,468 3,353 0,404 91,400 17,700
Man 1,652 7,955 1,438 73,700 16,800
CeHTa6pb 2,369 10,179 2,069 42,500 14,900
Honbpb 0,734 4,564 0,635 23,400 16,500

[N

Knumatuyeckne paHHble B y3nax CeTKM: COAepxkaHue kucnopopa. bapeHueso Mmope. —
viewresource?resourceld=RU_RIHMIWDC_796 &parameter=oxygen &sea=barents.
Climaticdatainthegridnodes:oxygencontent.The Barents Sea.—Availableat:http://esimo.ru/dataview/viewresource?resourceld=RU_
RIHMIWDC_796 &parameter=oxygen&sea=barents. (In Russian).

URL: http://esimo.ru/dataview/
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KomnnekcHas oueHka kayecmsa 800 bapeHuesa Mopsi no uHOekcam mpogHocmu 8 Mecmax
basuposaHus akeakynLmypHo2o xo3siicmea Memodamu OUCMAHUUOHHO20 30HOUPOBAHUS

[MpodonkeHue mabn. 1

Mecsay, Chl a TP TN D%0 SD
BocmouHbili pykas 2ybbl Ypa «YepssHoe o3epKo», nepsas moyka (69° 23°58“ N, 33° 08’ 55" E)
Anpenb 0,221 2,006 0,189 99,200 18,200
Man 1,118 6,088 0,970 87,900 17,400
CeHTAbPb 3,949 14,452 3,463 57,700 16,900
Honbpb 1,022 5,725 0,886 43,800 17,300
BocmouHbili pykas 2ybbl Ypa «HepssaHoe 03epko», 8mopas mouka (69° 2350“ N, 33° 09”56 “ E)
Anpenb 0,577 3,870 0,498 81,300 17,500
Mai 1,808 8,462 1,575 76,500 16,500
CeHTa6pb 5,495 18,121 4,836 48,400 15,600
HosAbpb 0,879 5,164 0,762 35,700 15,800
BocmouHbili pykas 2ybbl Ypa «HepssiHoe 03epKo», mpembs mouKa (69° 24 10° N, 33° 10’ 23" E)
Anpenb 0,346 2,726 0,297 85,900 17,800
Man 1,920 8,818 1,675 80,400 16,200
CeHTa6pb 3,013 12,003 2,638 51,200 16,000
Honbpb 0,757 4,661 0,654 39,600 17,300
['yba TumosKa, nepsas moyka (69° 33723“ N, 32° 03/00” E)
Anpenb 0,257 2,224 0,220 100,000 18,100
Man 1,603 7,796 1,395 99,000 17,200
CeHTa6pb 1,979 9,005 1,726 93,000 17,000
Honbpb 1,339 6,885 1,165 95,200 17,400
['yba TumosKka, Bmopas moyka (69° 3336“ N, 32° 03’ 24" E)
Anpenb 0,613 4,034 0,529 93,200 17,600
Mari 2,039 9,191 1,778 89,100 16,400
CeHTAbPL 1,339 6,885 1,165 82,300 16,700
Hosbpb 1,422 7,176 1,238 91,500 16,900
['y6a Tumoska, mpembs moyka (69° 33”44 N, 32° 0348” E)
Anpenb 0,544 3,717 0,469 96,700 17,900
Mari 2,442 10,391 2,135 87,400 16,100
CeHTAbpb 2,672 11,058 2,337 96,100 16,000
Honbpb 0,906 5272 0,785 97,700 16,800
['y6a Kucnyxa, nepsas mouka (69° 35”03 “ N, 32° 06”24 ” E)
Anpenb 0,264 2,265 0,227 112,100 17,900
Mari 1,187 6,347 1,028 103,000 17,500
CeHTAbBPb 2,593 10,829 2,269 99,200 17,300
Honbpb 1,339 6,885 1,164 95,000 17,400
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OKoHuaHue mab. 1

Mecsay, Chl a TP TN D%0 SD

['yba Kucnyxa, smopas mouka (69° 34”47 “ N, 32° 07”03 E)

Anpenb 0,991 5,606 0,859 97,300 17,500
Man 2,165 9,574 1,889 92,400 17,000
CeHTAbBPD 12,367 31,583 10,953 81,300 13,200
Honbpb 1,380 7,033 1,200 87,600 17,300

['y6a Kucnyxa, mpembs moyka (69° 357 16“ N, 32° 07/ 08” E)

Anpenb 0,454 3,284 0,391 101,300 17,700
Man 1,853 8,609 1,613 100,100 17,200
CeHTAbPb 2,231 9,776 1,948 100,000 16,500
Honbpb 0,879 5,164 0,762 102,400 16,900

CornacHo pacyeTam TpoPUUECKMX WHAEKCOB Ka- COCTOAHWA B Me30TpodHOoe (Mo MHAEKCY TpodUUeCKOro
YeCTBO WCCMEfyeMbIX BOAHbIX OOEKTOB B OCHOBHOM  COCTOAHMA TSI) nnn u3 HM3Koro B cpefHee (Mo UHOEK-
XapaKTepu3yeTca KaKk nepexogHoe u3 onurotpodHoro  cy TpodHoctn E-TRIX) (1abn. 2). CpefHue 3Ha4eHus

Ta6bnuua 2. Pe3ynbTaThl pacyeTa MHAEKca Tpodpuyeckoro cocroaHua TSI, ungeKkca Tpodpuyeckoro yposHa TLI,
nHaexrca TpopHoctu E-TRIX B 3aBUCUMOCTM OT CE30HOB U MECT UCC/IelyeMbIX 30H aKBaKy/IbTypbl B panioHe
ry6bi Ypa, ry6bl TutoBka u ry6ol Kucnyxa. CocraBieHo aBTopamu

Table 2. Calculation results of the trophic state index TSI, trophic level index TLI, trophicity index E-TRIX
depending on the seasons and locations of the studied aquaculture zones in the area of the Ura Bay, Titovka
Bay and Kislukha Bay. Compiled by the authors

Mecsu TSI T;’gg:ﬁ::“ TLI E-TRIX T:g;:ﬁ::"
E E BocmouHbili pykas 2ybbi Ypa «LLlanum», nepsas mouka (69° 23 ° 11° N, 33° 03 42" E)
Io' E Anpenb 16,023 OnuroTpodHbIN -4,420 2,006 Hu3kwii
E 5. Mari 26,302 OnuroTpodHsbIii -0,157 3,407 Huskuin
E E CeHTa6pb 37,168 Me3OTpOd)HbIVIv 4,293 4,737 Cpe,qm:m
" Honbpb 24,680 OnuroTpodHbIn -0,809 2,725 Huskui
E § BocmouHbili pykas 2ybbl Ypa «LLanumy», 8mopas moura (69° 2323“ N, 33° 0435 E)
E g Anpesnb 22,961 OnuroTpodHbilii -1,550 2,919 Hwv3kwi
Man 30,015 Me3oTpodHbiii 1,373 3,876 Huzkuin
CeHTA6pb 40,172 Me30TpodHbIi 5,542 5,099 Bbicokuii
Honbpb 25,457 OnuroTpodHbIn -0,578 2,716 Huv3kwit
BocmouHbili pykas 2ybbl Ypa «Llanum», mpembs mouka (69° 2325 N, 33° 05’ 20” E)
Anpenb 21,225 OnuroTpodHbIn -2,254 2,719 Huzkui
Man 29,731 OnuroTpodHbIN 1,264 3,869 Huskun
CeHTAGPL 32,665 Me3oTpodHbIN 2,241 4,022 CpegnHwuii
Honbpb 24,507 OnuroTpodHbIn -0,926 2,664 Huskun
BocmouHbili pykas 2ybbl Ypa «YepssHoe 03epKo», nepsas moyka (69° 23°58“ N, 33° 08’ 55" E)
Anpenb 16,181 ONUroTPOdHbIN -4,349 2,016 Huzkun
Man 27,007 ONUrOTPOPHBIN 0,148 3,553 Hwv3kwit
CeHTs6pb 35,407 Me30TPOdHbIN 3,637 4,631 CpenHuii
Honbpb 26,447 ONUrOTPOPHBIN -0,090 3,213 Hu3kwii
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KomnnekcHas oueHka kayecmsa 800 bapeHuesa mMops no UHOekcam mpogHocmu e Mecmax
6G3U,DOBGHU5I aK8aky/bmypHo20 xo3alicmea Memodamu OUCMAHYUOHHO20 30H(3U,DOBGHUH

OKoHuaHue mabn. 2

Mecsy,

TSI

VpoBeHb
TpodHOCTH

TLI

E-TRIX

VpoBeHb

TpodpHOCTH

BocmouHbili pykas 2ybwi Ypa «HepssiHoe 03epKo», Bmopas mouka (6

9°33736" N, 32° 03’ 24" E)

Anpenb 22,649 -1,668 2,880
Mari 30,408 Me3oTpodHbii 1,536 3,971
CeHTA6pb 37,954 Me3oTpodHbii 4,651 4,889
Honbpb 25,896 i -0,374 2,993
BocmouHbili pykas 2ybbl Ypa «HepssiHoe 03epKo», mpembs mouKa (69° 3344 N, 32° 03 48” E)
Anpenb 19,553 -3,091 2,401
Man 30,890 Me3oTpodHbiI 1,727 4,048 CpepfHui
CeHTs6pb 33,897 Me3oTpodHbiii 2,975 4,324 CpenHuii
Hos6pb 24,482 i -0,911 2,884
['y6a TumosKa, nepsas moyka (69° 3323 “ N, 32° 037 00" E)
Anpenb 17,195 -3,929 2,166
Maii 29,423 1,149 3,948
CeHTR6pb 30,858 Me3oTpodHbiii 1,742 4,130
Hosbpb 28,185 0,641 3,758
['yba TumosKa, 8mopas mouka (69° 3336” N, 32° 03’24 " E)
Anpenb 23,019 -1,511 2,988
Man 31,226 Me3oTpodHbiIi 1,874 4,144
CeHTA6pb 28,382 0,699 3,705
Honbpb 28,719 0,848 3,807
['yba TumosKka, mpembs mouka (69° 3344 ° N, 32° 03’ 48" E)
Anpenb 22,156 1,863 2,885
Mari 32,491 Me3oTpodHbiii 2,392 4,313 CpenHuii
CeHTa6pb 33,113 Me3oTpodHbiii 2,647 4,435 CpenHuii
Honbpb 25,799 i -0,377 3,387
['yba Kucnyxa, nepsas moura (69° 35 03“ N, 32° 06’ 24" E)
Anpenb 17,423 -3,835 2,235
Man 27,375 0,301 3,668
CeHTA6pb 32,540 Me3oTpodHbiii 2,456 4,417
Hosbpb 28,185 0,640 3,757
['yba Kucnyxa, smopas mouka (69° 34’47 “ N, 32° 07/ 03 “ E)
Anpenb 26,191 -0,191 3,472
Man 31,445 Me3oTpodHbIi 1,987 4215 CpepfHuii
CeHTAGPb 44,065 Me3oTpodHbiii 7,080 5,868 Bbicokuii
HoAbpb 28,413 i 0,732 3,757
['yba Kucnyxa, mpembs mouka (69° 3516 N, 32° 07/ 08 E)
Anpenb 21,026 -2,339 2,726
Mari 31,372 Me3oTpodHbiii 1,544 4,092 CpenHuii
CeHTA6pb 31,786 Me3oTpodHbiii 2,112 4274 CpegHnuii
Hosbpb 25,573 i -0,467 3,374 i
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Puc. 2. U3meHeHHe cpepHero sHaueHus MHAEKca Tpoduyeckoro coctosiHua TSI no MecsuaM Ha uccneayeMbiX yHacTKax.

CoctaBneHo aBTopaMu

Fig. 2. Changes in the mean trophic state index TSI by month in the study areas. Compiled by the authors
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Puc. 3. UameHeHHne uHpekca 3sTpodukaumm E-TRIX no Mecsiuam Ha uccnepyeMbix yyactkax. CoctaBneHo aBTopamu
Fig. 3. Changes in the E-TRIX eutrophication index by month in the study areas. Compiled by the authors

nHaeKca Tpoduyeckoro coctoaxua (TSI) ana yyacTtka
B BocTouHoM pykase ryb6el Ypa «Llanum» BapbupoBa-
nvcb ot 20,070 (anpenb) po 36,668 (ceHTsAb6pb), AnAa
yyactka B BocTouHoM pykaBe rybbl Ypa «YepBsaHoe
03epKo» — oT 19,461 (anpenb) oo 35,753 (ceHTAGPD),
ana rybel TutoBka — oT 20,790 (anpenb) go 31,047
(Mai), ona ryéel Kucnyxa — ot 21,547 (anpenb) Ao
36,130 (ceHTAbpD).

C BPEMEHHOM TOYKN 3PEeHUA HaMBbICLIME 3HAYEHUA
nMHAeKca Tpoduydeckoro coctoanmA TSI npuxogAaTca Ha
CEHTABPb, YTO MOMET ObiTb CBA3AHO C pa3pacTaHueMm
BOAOPOC/eN BCNeACTBUE YBENYEHWA MOCTYMeHuA
OpraHUYecKUX BeLLecTB, a TaKKe C MOBbIEeHNEM TeM-
nepatypsbl (puc. 2). C NpoCcTPaHCTBEHHON TOYKMN 3peHnA
HanMMeHee NOLBEPHEHHOW 3BTpOodPMKaLMM OKazanacb
ry6a TUTOBKa, YTO MOMKHO OGBACHUTb 3HAYUTENBHOM
rYy6UHOV 1 CUNBbHBIMU TEYEHUAMM.

3Havenna mHpgekca E-TRIX noptBeprkpatoT cyie-
HWA, OCHOBaHHble Ha pacyeTe mHAekca TSI CpegHue
3HayeHnA mHAekca 3sTpodurkaumm E-TRIX gna yyact-
Ka B BocTouHoMm pykaBse rybol Ypa «Wanum» Bapbupo-
Banmcb oT 2,548 (anpenb) Ao 4,619 (ceHTAbpb), Ans
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yyacTka B BocTouHoM pyKaBe ry6bl «YepBsaHoe 03ep-
Ko» — OT 2,432 (anpenb) 8o 4,615 (ceHTAbpb), ans
ryéol TutoBka — ot 2,680 (anpenb) fo 4,135 (maid),
ana ry6el Kucnyxa — ot 2,811 (anpenb) fo 4,853 (ceH-
TA6pb) (puc. 3). OgHAKoO Meay pesynbTaTamu pacye-
ToB MHAekcoB TSI un E-TRIX ecTb pasnuume: cornacHo
BTOPOMY B CEHTAOpe ypoBeHb TPOodHOCTM BOA rybbl
Kucnyxa n yyactka «lWanum» rybol Ypa xapaktepu3sy-
€TCA He KaK «CPefHUM», & KaK «BbICOKUM», YTO MOXKET
6bITb 06YCIOBIEHO PA3HOCTHIO NMapaMeTPOB, UCMOJb3Y-
eMbIX Mpy BbluMcneHun nHaexcos: E-TRIX nHTerpupyet
bonee WMPOKMIA Habop rMAPOXMMUYECKUX MOKa3aTe-
JIer, a ero OLeHOYHaA WKasaa OT/IM4AEeTCA NOBbILLEHHOM
CTPOrocCTbi0 FPaHWYHbIX 3HayeHWA. B uenom AaHHble
WHOEKCbl PEeKOMeHAYeTCA WCNonb30BaTb COBMECTHO
LNA nonyyeHna 6osiee TOYHBIX pe3ynbTaToB B pasfiny-
Hble Nepuoabl.

WNHpekc Tpoduueckoro ypoBHa TLI, paspaboTaHHblii
anAa sog Hosow 3enaHguun, He CMoOr B MOJSIHOM Mepe
0Tpa3nTb KayecTBO BOJL ucciefyemblx 06bekToB Ce-
BepHOro JlefoBUTOro OKeaHa BCNeACTBME pasfnyuii
reorpadu4eckoro pacrosioXeHus, KaMMarta, cocTaBa
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KomnnekcHas oueHka kayecmsa 800 bapeHuesa Mopsi no uHOekcam mpogHocmu 8 Mecmax
basuposaHus akeakynLmypHo2o xo3siicmea Memodamu OUCMAHUUOHHO20 30HOUPOBAHUS

BoA. Bo-nepsbix, Bogbl HoBow 3enaHamu HaxogATtcA
B OXKHOM nonylwapun. Bo-BTopbix, Boabl HoBol 3enaH-
ann ombiBatoTcA TvxMM OKeaHOM M TacMaHOBBIM MO-
peM, 4To NpUAAET UM YHUKANbHBIN COCTaB U CBOWMCTBA.
TaK, cpefHAA CONEeHOCTb BOA COCTaBAAET MPUMEPHO
35%, a Temnepatypa +19°C. B-TpeTbux, Boabl HoBoli
3enaHann NofBepratTcA BO34eNCTBUIO Pa3INYHbIX Te-
YeHUN, TakMx Kak BocToyHo-ABCTpanuickoe TeyeHue
“ TedeHne 3anadHblx BeTpoB, YTO Tak:Ke BAMAET Ha MX
TeMnepatypy u coctaB. Boabl CeBepHoro JlegoBuToro
OKeaHa, B CBOI oYepeflb, MoABepHeHbl BinaAHuo Hopa-
Kanckoro TeyeHWA. VIMEHHO OHO OKa3blBaeT CubHOe
oTenAllLee BO3AeACTBME HA KAMMAT 30H HacCToALle-
ro uccnefoBaHvA, BAMAA Ha TemnepaTtypy U CONEHOCTb
(Temnepatypa — okono 5°C, coneHoctb — 349%), 4To
CMoco6CTBYET aKTMBHOMY (OTOCMHTE3Y U pocTy ¢u-
TonnaHKToHa. Mo3ToMy ypoBeHb TPOGHOCTU COrNacHO
NoJsly4eHHbIM pacyeTaM MHAEeKca TpodUYecKoro ypoB-
HA TLI oueHUTb HEeBO3MOXHO (CM. Tabn. 2). IToT cno-
C0b OLIEHKN MOMKET ObITb 3 PEeKTUBEH NpU NpopaboTKe
3HaHUI 06 akBaTOPUAX ATIAHTUHYECKOrO OKeaHa U Co3-
[aH11 HOBOrO BMAA YpaBHEHUA.

BnvAHve axkBaKynbTypbl HA MCCAedyeMblX yHacTHax
MOMHO OLIeHUTb KaK He3HauuTenbHOe, OJHAKO BO W3-
6erkaHue yxyAWeHUs COCTOAHUA BOAHOro 06beKTa He-
06X04MMO MPOBOAWTL OMpPefesieHHble MeponpuATHA
B JIETHE-OCEHHUIA Mepuofl, Koraa akBatopusa Bce 6osee
nofBepeHa BIMAHUIO BbICOKUX Temnepatyp v 3BTPO-
dupoBanmio. [InA coxpaHeHWA BbICOKOrO KavecTBa
BOAbl Ha MecTax 6a3vpoBaHUA aKBaKy/bTYpHbIX caj-
KOB HeobXOAMMO perynAapHO MpoOBOAUTb MOHUTOPWHI
napaMeTpoB BOfbl, YCTaHaABMMBaTb CUCTEMbI GUNbTPa-
LMW 1 OYMCTKN, BBOAWTb ONTUMMU3ALMIO PEKUMOB KOPM-
NeHuA ONA MUHUMM3ALMM OCTaTKOB KOPMA, BHEAPATb
CUCTEMbl  PeuMpRyNALMM, OrpaHnyMBaTb MIOTHOCTb
nocagKu pbibbl, 3GHEKTUBHO yNpaBiaTb CTOYHbIMU BO-
JaMu 1 cobmiofaTh 3KONOrMYeckne HopMbl. 3T Mepbl
noMoryT obecneunTb 3[0pPOBbe BOLHbIX 3KOCWUCTEM
M yCTONYMBOE pa3BUTME aKBAKYIbTYpPbI.

Ona BocTouHoro pykaBa rybbl Ypa, ry6 TuToBKa
1 Kucnyxa 6biin paccuutaHbl Ko3pdULMEHTbI Koppens-
umm CnvpMeHa Meray MHAeKcamm TpodHOCTU U OCHOB-
HbIMU MMOPOXMMUYECKUMU KOMMOHEHTaMV BOAHON cpe-
Ibl: KOHLIeHTpauueli xnopodounna a, obwmm pocdopom,
MVHepasibHbIM 230TOM, HACbILLEHWEM BOJ KMC/I0pPO4OM
¥ Npo3payHOCTbio BoAbl MO AMCKY CeKkn. 3ToT MeTof
OCHOBbIBAETCA Ha paHrax, 4To No3BOJIAET BbIABMATL CBA-
31 Jarke B Clyyae HenMHeNMHbIX 3aBKWCMMOCTEN, U nofg-
XOOMT ANA NOPAAKOBBIX AaHHBIX, YTO [e/aeT ero 6onee
3PPEKTUBHBIM NpY aHANM3E CIIOKHBIX IKOCUCTEM.

[nAa yyacTra, pacnonoxeHHoro B BoctouHoM pyka-
Be rybol Ypa «lanum», BbICOKME 3HaveHua Ana Kodd-
buumeHTa KoppenAuMn XapaKkTepHbl Mexay UHAEKCOM
Tpoduyeckoro ypoBHa TLI n Bcemn ero coctaBnsatoLwm-
MU: KOHUeHTpauuen obuwero docdopa (r = 1), KOHLEH-
Tpauwmen MMHepanbHOro asoTa (r = 1), KOHLeHTpaLmen
xnopodunna a (r = 1), Npo3payYHOCTbIO BOAbI MO ANCKY
Cerkn (r = -0,83). MonouTenbHanA Koppensauma 03-
HayvaeT, YTO C yBeIMYeHWEM YMOMAHYTbIX NapamMeTpoB

BO3pacTaeT M ypoBeHb TPODHOCTMW, oTpuLaTenbHaA —
YTO C HacbllLleHWeM MUTaTeNbHbIMA BELLECTBAMU BO-
[HOro O6beKTa MNpo3payvyHOCTb BOAbl YMEHbLUAETCA.
AHanornyHble 3HaveHus BblIN MoJsyYeHbl Npy pacyeTte
ko3 duumeHTa KoppenAunn AnAa nHaexkca Tpodryecko-
ro coctoAHuA TSI 1 rMapoXuMMYeCcKUMM NoKa3aTenAamm,
BMAOLWMMN Ha Hero. YTo KacaeTcA cBA3M MHOEeKca
E-TRIX u ero cocTaBHbIX NapamMeTpoB, TO bblM Mosy-
YeHbl crefytoline 3HAYeHWA KoppenAaumun: AfAA X1opo-
¢unna ar= 0,91, ana KoHUeHTpauum obulero pocdopa
r= 0,91, 0nA OTKAOHEHUA B aBCOMIOTHbBIX 3HAYEHUAX CO-
JeprkaHna pacTBopeHHoro Kuciopoga ot 100%-Horo
HacblweHna r = —0,10, AnA KOHUEHTpaumMM MuHepasb-
Horo asoTa r = 0,91. Huskaa oTpuuartenbHasa CBA3b
Mexay uHgekcom TpodHocTn E-TRIX n oTKnoHeHnem
B 20COMOTHBIX 3HAYEHUAX COAEPHHaHNA PACTBOPEHHOMO
Kkucnopoga oT 100%-HOro HachleHMA 03HAYaeT, YTo
[OaHHbIM MHAEKC B NepBYy0 o4Yepeab OTparaeT ypoBeHb
NUTaTe/bHbIX BELLECTB M BMOMACChl B SKOCUCTEME.

[na yyactka, pacnonoeHHoro B BoctouHom pykase
rybol Ypa «HepBsHOe 03epKo», BbICOKME 3HAYEHUA Ko-
3dduLMEHTA KOpPenaUUM XapaKTepHbl Medy BCEMM
MHAEKCAMM N UX COCTABAAIOLWMMM KPOME C/IedyIoLLMNX:
uHAeKc Tpoduyeckoro yposHA TLI v npo3payHocTb
BoAbl Mo ancky Cekkn — r = -0,77, nHgekc Tpoduye-
CKOro coctoAHmA TSI 1 Npo3payHoCTb BoAbl MO AUCKY
Cekkn — r = -0,77, nHgerc TpodpHoct E-TRIX n oT-
K/MOHEHME B abCOMOTHBIX 3HAYEHUAX COoepHaHus pac-
TBOpEHHOro Kuciopoda ot 100%-Horo HachlweHna —
r = -0,33. BbicokaAa oTpuuaTenbHasa CBA3b Meway
nepBbiMK ABYMA NMapamu roBopuT 06 ux CBA3W: C yBe-
JIMYEHNEM OJHOrO NoKasarena cnenyeT CHUMHKeHVe apy-
roro, n HaobopoT. MocnenHAs Napa xapakTepusyeTca
YMEpEeHHOW OTpMLUATENIbHOW CBA3blO, YTO aHA0rMYHO
[BYM MepBbIM, HO C MEHbLUMM BANAHUEM.

[nsa y4yacTka, pacrnofioeHHoro Ha rybe TWTOBKa,
BbICOKME 3HayeHuAa AnA KoadduuMeHTa Koppenauum
XapaKTepHbl MeXay WHAEKCOM TpodUYecKoro ypos-
HA TLI n BcemMun ero cocTaBNANOWMUMN: KOHLLeHTpaLmen
obulero ¢ocoopa (r = 0,80), KOHLeEHTpauueld MuHe-
panbHoro asoTta (r = 0,80), KoHUeHTpauuen xnopodun-
na a (r = 0,80), Npo3payYHOCTbIO BOAbl MO ANCKY Cerkn
(r = -0,65). YMepeHHaA oTpuuaTenbHaA CBA3b Meray
MHAEKCOM Tpoduryeckoro yposHsa TLI n npo3payHocTbio
no aucky CeKKM CBUOETENbCTBYET O 3HAYMTESIbHOM
B/MAHWMM [AHHOro napameTpa Ha Tpoduyeckoe cocTo-
AHVE Bo. AHANOTMYHbIE 3HAYEHWSA BblM MOJYYeHb! Npy
pacyeTe Ko3dduumeHTa Koppenauum Ansa nHaeKca Tpo-
¢duryeckoro coctoaHua TSI U rMAPOXMMUYECKMMU MOKa-
3aTtenaMn, BAMAOLWMMK Ha Hero. [Ina nHaekca E-TRIX
M ero COCTaBMALWMX OblM MOJlyHeHbl CrefyoLme
3HayeHns Koppenaumu: ana xnopodunna a — r = 0,99,
ONA KoHUeHTpaumn obuwero docdopa — r = 0,99, anna
OTK/IOHEHWSA B abCOMOTHBIX 3HAYEHUAX COAEepPrKaHWA
pacTBopeHHoro kucnopoga oT 100%-Horo Hacble-
HMA — r = -0,44, AnA KOHUeHTpauum MuHepasibHOro
asota — r = 0,99.

[nsa yyacTka, pacrnonorkeHHoro Ha rybe Kucnyxa,
Obl/IM MOJlyYeHbl 3HAYEHUS, CXOXWEe C Tpems Yroms-

49



H
H
™
g
(-]
]
)
=
-
]
]
(]
-

ocBoeHUA ApKTUKM

HoBble TeXHOIOrMM OCBOEHUA API‘(TVIKVI

HyTbIMU Bbille ryb6amu. OTpuuaTenbHas KoppenAuus
XapaKkTepHa AnAa uMHAeKca Tpoduyeckoro yposHA TLI
1 nNpo3payHocT BoAdbl Mo aucky Cekku (r = -0,73), UH-
fekca Tpoduyeckoro coctoAanmnA TSI u npospayHocTu
BoAbl Mo ancky Cekrku (r = -0,73), nHaexca TpodHOCTH
E-TRIX 1 OTKNOHEHWA B abCOMIOTHBIX 3HAYEHWUAX CO-
[epHaHua pacTBopeHHoro Kucsopoga ot 100%-Horo
HacblweHua (r = -0,66).

TakuM 06pa3oM, 0CHOBHbIM baKTopoM, onpenensio-
LUYM ypoBeHb TpodHOCTM BoA ANA BocToyHoro pykasa
ry6ol Ypa («LLlanum», «4epBaHoe 03epKox), ryd TutoBka
1 Kucnyxa ABnATCA KoHLEeHTpaumm obuiero dpocdopa,
MUHepasbHbiX GopM a3oTa, xnopodunna a. MeHbluee
B/MAHME VMEeT 3HAaYeHWe OTKIOHEHUA B abCOMOTHbBIX
3HAYeHUAX COAEPrKaHWA pacTBOPEHHOro Kucaopoga
oT 100%-Horo HachblweHnA. TakaA 3aKOHOMEpPHOCTb
06BACHAETCA YHUKASIbHBIMU TMAPOSIOTMYECKUMIU  OCO-
6eHHOCTAMM pervoHa. Huskue TemnepaTtypbl BOAHbIX
Macc CrnocobCTBYIOT MOBLILIEHHOMY COAEPHAaHWIO pac-
TBOPEHHOr0 KMC/I0pOAa, B TO BPEMA KaKk aKTMBHOE
nepemMellrBaHve Boj obecreyrBaeT ero paBHoMepHoe
pacnpegeneHve. BaxHO 0TMETUTDb, YTO B apKTUYECKMX
YCNOBUAX TPOPUUeCKuii cTatyc B 6ofbluei CTeneHu
onpeaensaeTca AOCTYMHOCTbIO GUOrEHHBbIX 3/IEMEHTOB
N CBETOBbIM PEHUMOM, YeM M3MEHEHUAMU KOHLLeHTpa-
LN KNCNOpoAa.

Ha ocHOBaHWM MOMyYeHHbIX pe3ynbTaToB MOMHO
pPEeKOMeH[0BaThb yAenATb 0C0b0e BHUMAHWE MOHWTO-
PUHIY GMOreHHbIX BELLECTB U MoKa3aTesien nepBUYHON
NPOAYKLUMM MPU OLLEHKe 3KOJIOMMYECKOro COCTOAHWA
BOJHbIX 06beKTOB. HE06X0AMMO TaKMKe yunTbiBaTb Ta-
Kue KntoveBble GaKTOPbl, KaK OCBELLeHHOCTb U Temne-
paTypHbIN peXnM, KOTOpble CyLLeCTBEHHO BAMAIOT Ha
(HOTOCMHTETUYECKYIO aKTUBHOCTb U GUONIOTMYECKYIo
npoayKTMBHOCTL. [py paspaboTke crneumanu3npoBaH-
HbIX HOPMATUBOB [/1A aPKTUYECKNX aKBATOPUIA criefyeT
NpUHUMATb BO BHMMaHWe xapaKTepHble AfA pervoHa
0C06eHHOCTW, BR/IOYAA CE30HHYIO0 AVHAMUKY CBETOBbBIX
yCNnoBuii 1 cneumduyeckne xapakTepuUCTUKN BOOHbIX
aKocucTeM. BbluncneHne KoapduumeHTa Koppenaumm
CnvpMeHa TaKHe N03BOMWO ONpeaennTb, YTO pe3ysb-
TaTbl, MOJy4EHHbIE MPU pacyeTe Tpex MpeasioHeHHbIX
WHOEKCOB, KOPPevpyloT C BbICOKMMU 3HAYEeHUAMU
cBA3n oT r = 0,79 no r = 1. 3TO 03HA4YaeT, YTO NUHOEKC
Tpoduueckoro yposHA TLI, nHaexc Tpoduyeckoro co-
ctoanmA TSI n nHgekc TpodHocTn E-TRIX BO3MOMHO
MCMonb30BaTb COBMECTHO AJ/1A MOYYEHUA TOYHbIX pe-
3yNbTaToOB MCC/IE[0BAaHUNA MpW YCMOBUM CO3AAHWUA HO-
BOrO BMAA ypaBHeHWA ANA pacyeTa MHAekca Tpoduye-
CKOrO YPOBHSA.

3axnoueHue

Haunbosnbluve 3HaYeHUA WMHOEKCOB TpodHOCTU AfNA
BocTouHoro pykaBa ry6ul Ypa («Wanmm» n «Hepsa-
Hoe 03epKo»), ry6 TutoBKa u Kucnyxa Habnoganucb
B OCHOBHOM B CEHTABPE, YTO, BEPOATHO, CBA3AHO C aK-
TUBHbBIM POCTOM BOAOPOC/IEN U3-32 POCTa NOCTYMNIEHUSA
OpraHVWYecKux BeLLecTB W MOBbLIWEHWA TeMmnepaTypbl.
C TOYKM 3pEeHVsA MPOCTPAHCTBEHHOrO pacrpeaesieHns
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ryba TuToBKa OKa3lanacb HaMMeHee MOABEPHKEHHON
3BTPOOMKALMU, YTO MOMHO OOBACHUTb €e 3HaunTeslb-
HOW rNy6VHON 1 CUMBbHBIMK TedeHWAMKW. B To e Bpema
HambO/bLUMM YpOBHEM TPOPHOCTU XapaKTepusyoTcA
ry6a Kucnyxa v BocTouHblll pykas rybel Ypa «LLanums.
BbICOKUIN ypoBeHb TPODHOCTH COrnacHo MHAEKCY TPOod-
HocTu E-TRIX Habnoaancs nvwb oAMH pa3 — B CEHTA-
6pe Ha pbIbOBOLHOM Y4aCTKe, PACcroioReHHOM Ha rybe
Rucnyxa.

KnioyeBbiMKM darkTopamu, onpeaenaowmMn ypoBeHb
TpodHocT BoA BocTouHoro pykasa ry6el Ypa («Lla-
M, «YepBAHOE 03epKo»), ryd TuToBKa u Kucnyxa, co-
rnacHo pacyety ko3dduumeHTa koppenaummn CnnpmeHa
ABNAITCA KOHLEHTpaLmm obuiero docdhopa, MUHepasb-
HbiX PopM a3oTa u xopodunna a. B MeHbLuel cTeneHn
Ha ypoBeHb TPOGHOCTY BAWAIOT OTK/IOHEHWA abcosioT-
HbIX 3HaYeHW CofepHaHnA pacTBOPEHHOIro KMCI0pOo-
na ot 100%-Horo HacblweHnA. Ha ocHoBe Noy4eHHbIX
[JaHHbIX MOMHO CAenaTb BbiBOA, YTO aKBaKy/bTypa
OKas3blBaeT He3HauMTeNlbHOe BNAHNE Ha Uccieayemble
yyacTky. TeMm He MeHee AnA NpefoTBpaLLEeHna yxyalle-
HWA CMTyauMW BarKHO KOHTPO/MPOBaTb YpOBeHb opra-
HUYeCKMX BeLlecTB, obecneynBas MpaBUIbHOE KOpPM-
neHve pblb B CaIKOBbIX KOMM/IEKCAX B JIETHE-OCEHHUI
nepuof, Korga BoJoeMbl Havbosiee NMoaBeprKeHbl Bbl-
COKMM TemrnepaTtypam 1 3BTPodpuKaLmm.

PacueT KoapduumeHTa KoppenAumm CnvpmeHa TaK-
e MoKasas, 4To pesynbTaTbl, MosyyYeHHble Mpu pac-
YyeTe MHAEKca Tpoduyeckoro coctoanHuaA TSI, Tpopuye-
cKoro ypoBHA TLI n uHpekca TpodHocTn E-TRIX, nmetoTt
BbICOKYIO CTeneHb KoppenAumn. OgHako B oTanudve
OT MHAeKca Tpoduyeckoro coctoanua TSI U nHaekca
TpodHocTn E-TRIX nHaekc Tpoduyeckoro yposHA TLI
HE MOMET OblTb MCMO/b30BaH KaK CaMOCTOATESbHbIN
MHCTPYMEHT OLEHKM TPOPHOCTM BOAHOIO OOBEKTA,
PacrofiOeHHOro B akBaTopuaAx ATNIaHTMYeCKOro OKe-
aHa. B panbHenwem aBTOpbl MAAHWPYIOT pewunTb 3a-
Zlayy nNpopaboTKM 3HaHWI 0 CEBEpHbIX BOJax M Co34aTb
HOBbIN BWA YpPaBHEHWA, OMUCbIBAKOLLErO Tpodpuyeckoe
COCTOAHME C MPUMEHEHWEM AaHHbIX AUCTaHLMOHHOIO
MOHWUTOPWHra.

B uenom wnccneposaHve [eMOHCTPUPYET BbICOKYHO
3¢ dEKTUBHOCTb  KOMOMHMPOBAHHOMO  MPUMEHEeHUA
CMYTHYKOBOIO MOHWUTOPWHIA M pacyeTa TPOPUYECKUX
WHOEKCOB AN1A OnepaTVMBHOM OLIEHKM KayecTBa BOAbl
B LieSIAX YCTONYMBOrO pa3BUTUA CAKOBOMO BbipallyBa-
HUA TMOPOOVOHTOB. DTOT METO[ MO3BOJIAET B PEHUME,
6/IM3KOM K peanibHOMY BpPEMEHW, OTC/IEKMBATL KPUTH-
YecKre Ce30HHble M3MEHEHWA Y NPOCTPAHCTBEHHYIO He-
0[JHOPOAHOCTb TPOUYECKOro CTaTyca akBaTOPUKA, YTO
co34aeT OCHOBY [A/A MPUHATWA MPEeBEHTUBHbIX yNpaB-
NEHYECKNX PELLEHNI C yHeTOM apKTUYECKOW CneLndUuKm.
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Abstract

The study substantiates the possibility of using open data on hydrochemical indicators from satellite systems. It
establishes a seasonal peak of eutrophication in the Barents Sea and reveals a strong correlation between the
trophic level and the concentration of chlorophyll a, total phosphorus, and mineral forms of nitrogen. The limited
applicability of the trophic level index (TLI) to Arctic waters and a high degree of consistency between the trophic
state index (TSI) and the trophic index (E-TRIX) have been demonstrated, providing a scientific basis for their
integrated use in the context of the sustainable cage aquaculture development. These findings have significant
practical implications for the development of monitoring systems and environmental conservation measures in
the Arctic region.
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